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ABSTRACT 

A highly active and stable hemin (HN) supported reduced graphene oxide/gold nanoparticles 

(HN-RGO/AuNPs) composite was prepared by one-pot hydrothermal method. The 

physicochemical properties of the as prepared composites were characterized by field emission 

scanning electron microscope (FESEM), transmission electron microscopy (TEM), UV-Vis 

spectroscopy, Raman spectroscopy and X-ray diffraction technique (XRD). The HN-

RGO/AuNPs modified electrode shows a stable and well-defined surface confined redox couple 

at an apparent formal potential of –0.317 V vs. Ag|AgCl with a surface coverage value of 2.239 

x 10-10 mol cm-2. Compared with HN, HN-GO and HN-RGO, the HN-RGO/AuNPs modified 

electrode exhibits an excellent electrocatalytic activity towards hydrogen peroxide (H2O2). Under 

optimum conditions, the HN-RGO/AuNPs modified electrode shows a stable and wide linear 

response ranging from 0.05 µM to 518.15 µM towards H2O2 and fast response time (3 s). The 

calculated sensitivity and limit of detection (LOD) of the biosensor was 3.99 µAµM–1 cm-2 and 

16 nM, respectively. In addition, Michaelis-Menten constant value of the biosensor is 0.13 mM, 

which indicating the high affinity of HN towards the reduction of H2O2. The proposed biosensor 

displays a high sensitivity and selectivity towards H2O2 in presence of common biological co-

existing species. The biosensor shows an acceptable practical ability in human serum, contact 

lens solution and milk samples with an appreciable recovery. 
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1. INTRODUCTION 

To design and development of peroxidase-mimicking enzymes with an excellent catalytic 

activity and high substrate selectivity is much interest in analytical, biochemical and clinical 

chemistry due to the limitation of natural enzymes, which is used for the sensing of biological 

micro-molecules such as H2O2, glucose, dopamine, uric acid, ascorbic acid, and so on.1,2 Hemin 

(HN) is an iron-containing porphyrin molecule which acts as an active center of protein family 

such as cytochrome, hemoglobin, myoglobin and peroxidase.3 In particular, the direct 

electrochemistry of HN used as a model enzyme which can provide the mechanism for an 

electron transport in biological system and also it is commercially available, known structure, 

low cost and highly stable. The electron rich and planar structure of HN can be used as a 

peroxidase enzyme in electrocatalysis of small molecules related biological process,4 which is 

made up of red blood cells processed from human blood and lowering the production of certain 

enzyme in our body. However, the direct application of HN have still challenges because of its 

molecular aggregation in aqueous solution to form dimmers and oxidative self-destruction in 

oxidizing media, which causes passivation of its catalytic activity.5 In recent years, carbon 

nanomaterials have received much interest in research community due to its potential 

applications in various fields including sensors, batteries, electronic and so on.6,7  

In particular, graphene or reduced graphene oxide (RGO) is a single layer 2D material which 

can be raised a much attention in electrochemical sensor and biosensor applications,8–10 owing to 

its unique structural and superior properties such as large specific surface area, superior 

mechanical strength, high thermal and electrical conductivities etc.11 The covalent and non-

covalent interaction could be used for the functionalization of RGO sheets via the stacking 

interaction between RGO and other aromatic molecules such as HN, ascorbic acid or 
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tetrathiafulvalene under mild conditions.12–14 On the other hand, the attractive electrocatalytic 

activity of metal nanoparticles were explored in different potential applications such as surface 

plasmonics, biosensor, diagnostics and catalysis.15–18 Moreover, the noble metal nanoparticles are 

widely used as a sensitive probe for immobilization on graphene based biosensor to improve 

their catalytic activity and sensing performance.19 In particular, gold nanoparticles (AuNPs) are 

extensively used for electron transfer reactions due to its higher surface area, good conductivity 

and biocompatibility.20 Owing to its special properties, AuNPs can enhance the electron transfer 

between the redox centers and exhibits an exceptional electrocatalytic activity towards the 

reduction of H2O2.
 21

 

 Hydrogen peroxide (H2O2) is a simplest peroxide, colorless liquid with  bitter taste and plays 

an important role in biological system which is used for different potential applications such as 

pulp and paper bleaching industry, propellants in rockets, cleaning and disinfecting agents in 

domestic use, alternative medicine for emphysema, influenza and AIDS.22,23 However, different 

nanomaterials have been constructed with peroxidase-like natural enzymes for electrocatalytic 

activity of H2O2 detection, which can instead of the peroxidase to oxidize H2O2 on the substrate.1, 

24 The possibility of incorporating HN with RGO through π-π interaction including hemin-

graphene hybrid nanosheets,25 heat treated hemin supported graphene,26 hemin–

graphene/poly(3,4-ethylenedioxythiophene) nanocomposite,4 DNA/hemin/nafion–graphene, 

reduced graphene oxide/graphene sheets-hemin-Au nanoparticles,27,28 hemin immobilized on 

chemically converted graphene 29 and graphite-single walled carbon nanotube-hemin30 have been 

studied for the electrocatalytic activity of HN based biosensors for different applications. Many 

of these studies have some limitations and drawbacks such as less catalytic activity, poor redox 

features, selectivity and complicated preparation procedures. In particular, heat treated hemin-
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graphene modified electrode showed poor redox signature 26 and hemin functionalized graphene 

oxide suffered from serious interference with ascorbic acid, dopamine and uric acid.31 More 

recently, Gu et al., reported a reduced graphene oxide-Hemin-Au nanohybrids for H2O2 sensor, 

which shows a poor sensitivity and lower liner range.27 However, compared with previous report, 

our developed biosensor exhibited a very excellent electrocatalytic activity and higher sensitivity 

with wide linear response towards the reduction of H2O2. 

In this study, we report a one-pot synthesis of HN functionalized reduced graphene 

oxide/gold nanoparticles (HN-RGO/AuNPs) composite which was prepared by a simple 

hydrothermal method. The HN-RGO/AuNPs modified electrode showed a well-defined redox 

couple and higher electrocatalytic activity than the HN, HN-GO, HN-RGO modified electrodes. 

The electrocatalytic activity and sensing performance of HN-RGO/AuNPs shows much higher 

than that of previously reported hemin based H2O2 biosensors. Based on this, we report a highly 

active and stable HN-RGO/AuNPs composite for sensitive and selective electrochemical 

detection of H2O2. The selectivity, higher stability and practicality of the proposed biosensor has 

also been crucially accessed and established. The biosensor was used for the determination of 

H2O2 level in human blood serum, contact lens solution and milk samples for practical 

applications.  

2. Experimental 

2.1. Materials 

Hemin (BioXtra, from Porcine, ≥ 98%) and chloroauric acid (HAuCl4.3H2O, ≥ 49.0% Au basis) 

were supplied from Sigma-Aldrich used without further purification. Glucose and 30% 

ammonium hydroxide (NH4OH) solution were obtained from Sigma-Aldrich. Contact lens 

(containing 3% H2O2) solution was purchased from China Chemical and Pharmaceutical, Taipei, 

Taiwan. Human blood serum sample was collected from valley biomedical, Taiwan product & 
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services, Inc. The supporting electrolyte was prepared by using 0.05 M disodium hydrogen 

phosphate (Na2HPO4) and sodium dihydrogen phosphate (NaH2PO4) solutions in doubly distilled 

water. All other chemicals were of analytical grade and all solutions were prepared using doubly 

distilled water without any further purification.  

2.2. Instrumentation 

Cyclic voltammetry (CV) and amperometry i-t measurements were carried out using CHI 1205b 

computerized electrochemical work station. The surface morphologies of the prepared 

composites were characterized by field emission scanning electron microscope (FE-SEM) using 

HitachiS-3000H scanning electron microscope and the elemental mapping was performed by 

HORIBA EMAX X-ACT attached with HitachiS-3000H microscope and high resolution-

transmission electron microscopy (HR-TEM, JEOL, JEM-3000F) operated at 300 kV. 

Ultraviolet-visible (UV-Vis) spectra and Raman spectrum were performed using Hitachi U-3300 

UV spectrophotometer and Dong Woo 500i, Korea equipped with a 50× objective and a charge-

coupled detector respectively. The X-ray diffraction (XRD) pattern was taken by using XPERT-

PRO (PANalytical B.V., The Netherlands) diffractometer (Cu Kα radiation, k = 1.54 Å). A 

conventional three electrode system with glassy carbon electrode (GCE) as a working electrode; 

Ag/AgCl (in saturated KCl) as a reference electrode; and platinum wire as a counter electrode 

were used in this work.  

2.3. Synthesis of HN-RGO/AuNPs composite 

The one-pot synthesis of HN-RGO/AuNPs composite was prepared by hydrothermal method. 

First, graphene oxide (GO) was synthesized using modified Hummers’ method.32 The HN-

RGO/AuNPs composite was prepared as follows. Typically, the homogenous dispersion of GO 

(0.5 mg/mL) was mixed with HN solution (1 mg/mL ethanol) followed by the addition of 
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NH4OH solution (pH 9-10), the mixture gets dark reddish brown. The reaction mixture was 

stirred for 1 h to allow the interaction between hemin moiety and GO sheets. Then, HAuCl4 (0.5 

mM) was added into the solution and vigorously stirred for 30 min. After that, the aqueous 

solutions were mixed together and reduced to HN-RGO and AuNPs by adding glucose (0.1 M) 

into the solution. The reaction mixture was heated to 95 °C and stirred vigorously for 2 h. After 

completing the process, the reaction mixture was allowed to cool to room temperature. The 

resulting black HN-RGO/AuNPs nanocomposite was centrifuged at 6000 rpm to remove the 

unreacted particles in HN-RGO/AuNPs composite. Finally, the composite was washed with DI 

water and ethanol, dried at 50 °C for 6 h and it could be dispersed in DI water by ultrasonication. 

2.4. Fabrication of HN-RGO/AuNPs modified electrode  

Prior to use, mirror like GCE was polished with 0.05 µM alumina slurry and washed thoroughly 

with DI water and ethanol for each polishing using ultra sonication and dried in hot air oven. 

About 8 µL of HN-RGO/AuNPs composite was drop casted on the pre-cleaned GCE and 

allowed to dry in N2 atmosphere. The HN-RGO/AuNPs composite modified GCE was used for 

further electrochemical experiments and kept in room temperature when not in use. Similarly, 

the absence of AuNPs in HN-GO/GCE and HN-RGO/GCE composites were prepared for 

comparison studies. All other electrochemical experiments were carried out in N2 atmosphere. 

The preparation of HN-RGO/AuNPs composite and electrochemical pathway of H2O2 reduction 

is shown in scheme 1. 
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Scheme 1 Schematic representation for the preparation of HN-RGO/AuNPs composite (A) and 

(B) Electrochemical pathway for H2O2 reduction. 

3. Results and discussion 

3.1. Characterization of HN-RGO/AuNPs composite 

The surface morphologies of GO, HN, HN-RGO and HN-RGO/AuNPs composites were 

characterized by FESEM. The typical FESEM images of GO (A), HN (B), HN-RGO (C) and 

HN-RGO/AuNPs (D) composite are shown in Fig.S1. The SEM image of GO (Fig.S1A) shows 

an ultra wrinkled thin film like structure which confirms the GO sheets are assembled layer-by-

layer and the SEM image of HN (Fig.S1B) reveal that a rod-like morphology. On the other hand, 

HN-RGO (Fig.S1C) composite shows a crumbled morphology which is further confirms the 

hemin moieties were tightly aggregated on RGO surface through strong π-π interaction, which 
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indicating the higher surface area of HN-RGO. However, the HN-RGO/AuNPs (Fig.S1D) 

composite, we could be observed that a small tiny and nano sized particles were homogeneously 

grown on HN-RGO surface, which indicating the presence of AuNPs were successfully 

intercalated on HN-RGO surface. The prepared HN-RGO/AuNPs composite was further 

confirmed by TEM images as shown in Fig.1. It can be seen that the nano sized small AuNPs are 

uniformly covered on the surface of HN-RGO layer. The average diameter of AuNPs on HN-

RGO surface was 68±5 nm (observed from Fig.1). In addition, the EDX elemental mapping also 

supports the formation of AuNPs on HN-RGO surface. The SEM image of HN-RGO/AuNPs (A) 

composite and corresponding elemental mapping of carbon (B), oxygen (C) and gold (D) 

nanoparticles, results are shown in Fig.S2.  
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Fig. 1 HR-TEM images of HN-RGO/AuNPs with different magnifications (A-E) and (F) 

corresponding SEAD diffraction pattern of AuNPs. 

The HN-RGO/AuNPs composite was further characterized by UV–vis spectroscopy. As 

shown in Fig.2A, GO (a) exhibits a maximum absorption peak at 235 nm which is the π-π* 

transition of aromatic C=C bonds and a shoulder peak at about 300 nm belongs to the n-π* 

transition of C=O.33 On the other hand, HN (b) shows a typical Soret absorption band at 387 nm 

and also a series of weak absorption band occurs at longer wavelengths between 500–700 nm, 

which indicating the presence Q-bands of HN moiety . The HN-RGO (c) composite displays two 

strong absorption peaks at 267 and 423 nm with a large bathochromic shift, which is due to 

interaction between porphyrin moiety of HN and RGO through π–π stacking interactions to 

further confirm the formation of HN-RGO. In addition, a new absorption peak at 539 nm which 

is corresponding to the surface Plasmon absorption of AuNPs on HN-RGO surface. This result 

clearly indicates that the formation of AuNPs is homogeneously decorated on HN-RGO surface. 
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Fig. 2 (A) UV-Vis spectra of GO (a), HN (b), HN-RGO (c) and HN-RGO/AuNPs (d) composite. 

(B) Raman spectra of GO (a), HN-GO (b), HN-RGO (c), HN-RGO/AuNPs (d) composite. 

The crystalline nature of graphene and hybrid nanomaterials were characterized by 

Raman spectroscopy. Fig.2B depicts the Raman spectra of GO (a), HN-GO (b), HN-RGO (c) and 

HN-RGO/AuNPs (d) composite. It can be clearly seen that GO shows two specific peaks at a 

frequencies of 1570 and 1330 cm-1, which is corresponding to the sp2 carbon in pure graphite 

structure (G band) and sp3 carbon units of defects and disordered oxygen functionalities (D 

band), respectively.34,35 The calculated intensity ratio (ID/IG) values for GO, HN-GO, HN-RGO 

and HN-RGO/AuNPs composites were 0.879, 1.221, 1.37 and 1.402, respectively. The ID/IG 

value of HN-RGO/AuNPs composite is much higher than that of GO, HN-GO, HN-RGO which 

is also confirms the formation of strong π–π interaction between the porphyrin units of HN and 

graphitic units of RGO/AuNPs. This results confirms that the formation of GO to RGO and the 

HN molecules are successfully attached to the surface of RGO. 

The HN-RGO/AuNPs composite was further confirmed by XRD pattern. Fig.S3 shows 

the XRD patterns for GO (a), HN-RGO (b) and HN-RGO/AuNPs (c) composite. It can be seen 

that GO shows two discrete 2θ peaks at 11.52 and 26.68° apart from  the 2θ peaks of ITO (21.46, 

30.32, 35.12, 50.34 and 60.22°).The specific peaks are analogous to a report by Hae et al. for the 

hydroxyl, epoxide, and carboxyl functionalized GO.36 According to JCPDS no.01-088-0315, the 

cubic crystalline Fe2O3 show two sharp peaks at 30.32° and 35.58° which indicating the presence 

of HN due to the oxidation of Fe in HN by the trace dioxygen in the atmosphere.37 In addition 

compared with GO and HN-RGO composite, there are two diffraction peaks were observed in 

HN-RGO/AuNPs which could be indexed to (111), (200) planes of AuNPs as per the JCPDS file 

for the bulk Au,38 which is strongly indicating the presence of HN is strongly attached to RGO 

and the AuNPs are decorated on HN-RGO surface. 
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3.2 Electrochemical behavior of HN-RGO/AuNPs modified electrode 

The electrochemical behavior of HN modified different electrodes were investigated by CV. 

Fig.3(A) shows the CV response of HN (a), HN-GO (b), HN-RGO (c) and HN-RGO/AuNPs (d) 

modified electrodes in N2 saturated PBS at a scan rate of 100 mVs-1. It can be seen that there is a 

weak quasi-reversible redox peak was observed at HN (a) modified electrode. The HN-GO (b) 

modified electrode showed a weak redox peak was observed, while a cathodic and anodic peak 

appeared at –0.392 and –0.321 V, respectively.  
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Fig. 3 (A) CV response of HN (a), HN-GO (b), HN-RGO (c) and HN-RGO/AuNPs (d) modified 

electrodes in N2 saturated PBS at a scan rate of 100 mVs-1. (B) CV response of HN-RGO/AuNPs 

modified electrode in N2 saturated PBS at a scan rates from 10–200 mVs-1. The corresponding 

calibration plot for Ipa and Ipc vs. scan rate. (C) CV curves of HN (a), HN-GO (b), HN-RGO (c) 

and HN-RGO/AuNPs (d) modified electrodes in 50 µM H2O2 containing N2 saturated PBS at a 

scan rate of 100 mVs–1. (D) CV curves of HN-RGO/AuNPs modified electrode in the absence (a) 

and presence of different additions of H2O2 (10 µM (b–e), 20 µM (f)) in N2 saturated PBS at a 

scan rate of 100 mVs–1. 

On the other hand, the HN-RGO (c) modified electrode showed a well defined redox 

couple was observed, whereas the cathodic and anodic peaks were located at –0.331 and –0.308 

V, respectively. Compared with HN, HN-GO and H-RGO modified electrodes, the HN-

RGO/AuNPs modified electrode showed a stable and well defined redox couple [Hemin 

Fe(III)↔Hb Fe(II)] with a formal potential (E°) of –0.317 V, while the peak to peak separation 

(∆Ep) value of 21 mV which was much lower than other HN modified electrodes as reported 

early,39 which indicating fast electron transfer of HN on the electrode surface.40  The fast 

electron transfer and excellent electrochemical behavior of HN shows its good biocompatibility 

in RGO/AuNPs, suggests that the presence of AuNPs can enhance the electron transfer behavior 

of HN on the electrode surface.  

To investigate the electrochemical behavior of HN-RGO/AuNPs modified electrode at 

different scan rates was performed by CV. Fig.3(B) shows the CV response of HN-RGO/AuNPs 

modified electrode in N2 saturated PBS at different scan rates from 10–200 mVs-1. It can be seen 

that the redox couple of anodic (Ipa) and cathodic (Ipc) peak current was gradually increased upon 

increasing the scan rate. The calibration plot of Ipa and Ipc has a linear dependence over the scan 

rate from 10 to 200 mV s−1 with a correlation coefficient of Ipa and Ipc is 0.9981 and 0.9989, 

respectively (Fig.3B Inset). The result further confirmed that the redox electrochemical behavior 
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of HN on HN-RGO/AuNPs modified electrode was embedded by surface controlled process.41 

The average surface coverage value of HN on HN-RGO/AuNPs modified electrode can be 

calculated using the following equation (1). 

                                          Г= Q/nFA                                                …….  (1)                               

Where, “Q” is the total charge (Q = 5.619 µC), “n” is the number of electrons involved in 

electron transfer processes (n = 1), “F” is Faraday’s constant (96485.34 C mol–1) and “A” is 

geometric area of the electrode (0.26 cm2). From the above equation, calculated Г value was 

found to be 2.239 x 10-10 mol cm-2 which was much higher than that of previously reported 

theoretical mono layer coverage of HN modified electrode.42 The larger surface coverage value 

reveals that the HN was strongly immobilized on RGO/AuNPs surface, which can enhance the 

electrochemical activity and higher stability on the electrode surface. 

To further investigate the electrochemical behavior of HN-RGO/AuNPs modified 

electrode on different pH was studied by CV. The protonation of heme ions depending on the pH 

solution. Besides, the electrochemical behavior of enzymatic biosensors generally affects the pH 

solution. Hence, we have studied the effect of pH solution using HN-RGO/AuNPs modified 

electrode. Fig.S4(A) depicts the CV response obtained at HN-RGO/AuNPs modified electrode in 

N2 saturated different pH solutions (3, 5, 7, 9 and11) at a scan rate of 100 mVs-1. A well-defined 

redox couple was observed for each pH. The peak potential (Epa and Epc) was shifted toward 

positive and negative directions upon increasing and decreasing the pH. The calibration plot of 

E° vs. pH showed a linear dependence with a slope and correlation coefficient of −52.6 mV/pH 

and 0.9933 respectively and the results are shown in Fig.S4(B), which indicating the redox 

electrochemical redox behavior of HN participating equal number of proton (H+) and electron (e–

) in the electrochemical process. 
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3.3 Electrocatalytic reduction of H2O2 at HN-RGO/AuNPs modified electrode 

To investigate the electrocatalytic activity of HN-RGO/AuNPs modified electrode toward H2O2 

reduction was performed by CV. The CV curves of HN (a), HN-GO (b), HN-RGO (c) and HN-

RGO/AuNPs (d) modified electrodes containing 50 µM H2O2 in PBS at a scan rate of 100 mVs–1, 

are shown in Fig.3C. It can be seen that there is no obvious reduction peak was observed in 

presence of 50 µM H2O2 at HN and HN-GO modified electrodes. While, a weak cathodic peak 

was observed at –0.23 V in the presence of 50 µM H2O2 at HN-RGO modified electrode, which 

indicating a typical electrocatalytic reduction of H2O2. However, a sharp cathodic peak was 

observed at –0.18 V on HN-RGO/AuNPs modified electrode, which suggests that the after 

introducing the AuNPs on HN-RGO can enhance the electrocatalytic activity of H2O2, mediated 

by Fe3+/Fe2+ (HN) on the electrode surface. In addition, we have studied the effect of AuNPs on 

HN-RGO/AuNPs composite formation for the detection of H2O2 using different concentrations 

of AuCl4.3H2O solution and the results are shown in Fig.S5. It can be seen that the higher 

response current of H2O2 was observed in 0.5 mM AuCl4 solution on HN-RGO/AuNPs 

composite. However, the response current was rapidly decreased while increasing or decreasing 

the AuCl4 concentration. Hence, 0.5 mM of AuCl4 solution is an optimum concentration on HN-

RGO/AuNPs with an average diameter of AuNPs is 68±5 nm (see Fig.1). Moreover, the 

electrocatalytic activity of HN-RGO/AuNPs modified electrode towards different additions of 

H2O2 was studied by CV. As shown from Fig.3(D), the CV response obtained at HN-

RGO/AuNPs modified electrode in the absence (a) and presence of different addition of H2O2 in 

PBS at a scan rate of 100 mVs–1. We could observed that well-defined redox couple was 

observed at HN-RGO/AuNPs modified electrode in the absence of H2O2.Noticeably, the 

cathodic peak current gradually increases with increasing concentration of H2O2 (10 µM (b–e), 
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20 µM (f)) and the anodic peak was decreases gradually, which reveals that the HN-RGO/AuNPs 

modified electrode has higher electrocatalytic activity towards H2O2.This result suggests that the 

HN-RGO/AuNPs modified electrode exhibits fast electron transfer and higher electrocatalytic 

activity towards the reduction of H2O2. 

3.4 Amperometric determination of H2O2 

An accurate and low level determination of H2O2 using HN-RGO/AuNPs modified rotational 

disk electrode (RDE) was evaluated by amperometric method. Fig.4(A) shows an amperometric 

i-t response of HN-RGO/AuNPs modified RDE for the successive additions of different 

concentration of H2O2 into N2 saturated constantly stirred PBS at an applied potential of –0.18 V. 

As seen from Fig.4A, a well defined and stable amperometric response was observed for 

different additions of H2O2 at HN-RGO/AuNPs modified RDE and reached a stable current 

within 3s, which indicating fast electron transfer on the electrode surface and higher 

electrocatalytic activity towards H2O2 reduction. The response current of the biosensor had linear 

dependent over the concentrations of H2O2 ranging from 0.05 to 518.15 µM with a sensitivity of 

3.99 µAµM–1cm-2 (Fig.4B). The limit of detection (LOD) was calculated as 16 nM based on 

S/N=3.43 The efficiency of the proposed biosensor was compared with previously reported HN 

based biosensors. However, various metal nanoparticles are used for non enzymatic H2O2 sensor. 

Hence, it is necessary to compare the analytical performance of the proposed biosensor with 

previous studies and the results are shown in Table 1.4,25,27,28,30,50–56   
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Fig. 4 (A) Amperometric i-t response for HN-RGO/AuNPs modified RDE for the successive 

additions of different concentration of H2O2 into N2 saturated constantly stirred PBS at an 

applied potential of –0.18 V. Inset: enlarged view of Fig 4A. (B) Calibration plot for cathodic 

peak current vs. [H2O2] and the error bar indicates the standard deviation of three measurements. 
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        Moreover, the resultant current was deviated linearly towards H2O2 concentrations (Fig.4B), 

which revealed that the kinetics of electrocatalytic process was followed by Michaelis–Menten 

(MM) model. The possible mechanism for MM reaction pathway for H2O2 is given below.44–46  

 

Where kM = apparent MM rate constant ((k−1 + kc)/k1), kc = first order chemical rate 

constant and k′ME = heterogeneous modified electrode rate constant. The calculated values are 

kM= 0.13 mM, kc = 29.7/s, and k′ME = 0.0183 cm/s, respectively. Compared with some 

enzymatic and HN based biosensor, the calculated KM value of HN-RGO/AuNPs modified 

electrode is much smaller than that of cytochrome c immobilized macro electrode of 1.38 mM,47 

Hb immobilized impure multiwalled carbon nanotube modified electrode of 2 mM,48
 RGO-Au-

Hemin composite of 3.1 mM 49 and hemin-graphene hybrid Nanosheets of 2.256 mM.24 This 

result suggests that HN-RGO/AuNPs modified electrode has good biological affinity and higher 

biocatalytic activity towards the reduction of H2O2. 

3.5 Selectivity, stability, repeatability and reproducibility 

The selectivity, stability, repeatability and reproducibility of the H2O2 biosensor are more 

important for practical applications. Fig.5(A) depicts the amperometric i-t responses obtained at 

HN-RGO/AuNPs modified RDE for the successive addition of 5 µM H2O2 (a), 100 µM of DA 

(b), AA (c), UA (d), melatonin (e), EP (f), NEP (g) and glucose (h) into constantly stirred N2 

saturated PBS at –0.18 V.  

 

Heme Fe(II)  + 1/2 H2O2                 [Heme Fe(II)------1/2 H2O2]               Heme Fe(III)  + OH-

Heme Fe(III)                         Heme Fe(II)
k'ME

k1

k-1

kc

rds
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Table 1. Comparison of analytical performance of HN-RGO/AuNPs modified electrode with 

previously reported HN based biosensor and metal based non-enzymatic H2O2 biosensor. 

 

Abbreviations: GNs – graphene nanosheets, OMC – ordered mesoporous carbon, PPY– 

polypyrrole, PEDOT – poly(3,4-dioxyetylenethionphene), SWCNT – single–walled cabon 

nanotube, AuNPs– gold nanoparticles, RGO – reduced graphene oxide,  GCE –  glassy carbon 

electrode, AgNPs – silver nanoparticles, PANINFs – polyaniline nanofibers, AuPs – gold 

nanoplates, PPyC – polypyrrole colloids.     

 

Modified electrodes Detection Limit 

(µM) 

Applied potential (V) 

vs.  Ag|AgCl 

Linear range 

(µM) 

Ref. 

Hemin-graphene-PEDOT/GCE 0.08 – 0.2 0.5–70 4 

Hemin-GNs/GCE 0.20 – 0.2 0.5–400 25 

RGO-Hemin-Au/GCE 0.03 – 0.18 0.1–40 27 

Hemin-GNs-AuNPs/GCE 0.11 – 0.2 0.3–1800 28 

GN-Hemin-SWCNT/GCE 0.05 – 0.2 0.2–400 30 

Hemin-OMC-Nafion/GCE – 0.4 2–250 50 

PPY-Hemin-RGO/GCE 0.13 – 0.15 0.5–80 51 

AgNPs/PANINFs/GCE 1.7 –0.3 100–60000 52 

AuPs/GCE 4.0 –0.3 100–50000 53 

AgNPs-RGO/GCE 1.8 –0.3 100–60000 54 

AgNP-PPyC/GCE 1.05 –0.3 100–90000 55 

Ag/GN/GCE 28 –0.4 100–40000 56 

HN-RGO/AuNPs/GCE 0.016 – 0.18 0.05–518.15 This 

work 
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Fig.5 (A) Amperometric i-t response for HN-RGO/AuNPs modified RDE for the addition of 5 

µM H2O2 (a), 100 µM of DA (b), AA (c), UA (d), melatonin (e), EP (f), NEP (g) and glucose (h) 

into constantly stirred N2 saturated PBS. (B) Amperometric i-t response for HN-RGO/AuNPs 

modified RDE for the addition of 5 µM (a) into N2 saturated constantly stirred PBS up to 1800 s. 

It can be noted that a stable and sharp amperometric response current was observed for 

the addition of 5 µM H2O2, while no obvious response was observed for H2O2 with a sequential 

addition of above mentioned biological interfering species, which suggests that the biosensor 

was highly active and selective detection of H2O2. Moreover, the CV response for continuous 

cycling (n=25) of HN-RGO/AuNPs modified electrode in N2 saturated PBS at a scan rate of 100 

mVs–1. It can be seen that there no change in the redox behavior and did not show any alternate 

change in peak current and peak potential (figure not shown), implying an appreciable stability 

of HN-RGO/AuNPs. The operational stability of HN-RGO/AuNPs modified RDE for 5 µM 
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H2O2 was investigated by amperometry and the results are shown in Fig.5(B). The other 

experimental conditions are similar as shown in Fig.4A. The biosensor retains 98.9 % of its 

initial amperometric response for the addition of 5 µM H2O2 containing N2 saturated constantly 

stirred in PBS up to 1800 s. The results validate that higher operational stability of the biosensor 

towards H2O2. The repeatability of the biosensor was evaluated for determination H2O2 with a 

relative standard deviation (RSD) of 2.8% for 10 successive measurements. This result suggests 

that HN-RGO/AuNPs modified electrode exhibits a highly stable and sensitive detection of H2O2 

for practical applications. 

 

Table 2 Determination of H2O2 in Human serum, contact lens solution and milk samples using 

HN-RGO/AuNPs composite modified electrode (n=3). 

Sample Spiked (µM) Found (µM) Recovery (%) RSD (%) 

Human serum 0.5 0.47 94.0 2.6 

0.5 0.49 98.0 2.8 

Contact lens solution 0.5 0.49 98.0 3.2 

0.5 0.51 102.0 3.4 

Milk sample 0.5 0.53 106.0 3.9 

0.5 0.51 102.0 3.7 

 

3.6 Real sample analysis 

The practical ability of the biosensor was studied in real sample analysis using 

amperometry. The human blood serum, contact lens solution and milk samples containing H2O2 

were tested by standard addition method. The samples were diluted with PBS and the known 
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concentration of H2O2 containing samples were spiked into PBS. The experimental conditions 

are similar in Fig.4A. The recovery values are shown in Table 2. The recovery values are retains 

approximately 100 %. This result authenticates that the proposed biosensor has good practicality 

for the detection of H2O2 in real sample analysis for biological applications. 

4. CONCLUSIONS 

In conclusion, we reported a one-pot synthesis of highly stable biomolecule supported HN-

RGO/AuNPs composite for high performance H2O2 biosensor. The HN-RGO/AuNPs modified 

electrode showed excellent electrocatalytic activity such as higher sensitivity, stability, fast 

response towards the reduction of H2O2 than that of other HN modified electrodes. The biosensor 

exhibited excellent amperometric response towards H2O2 in PBS with common interfering 

biological molecules such as a DA, AA, UA, melatonin, EP, NEP and glucose. The 

electrochemical results suggested the biosensor has higher sensitivity, stability and lower LOD 

(16 nM) towards H2O2. We have successfully demonstrated the detection of H2O2 in real sample 

analysis with good average recovery of ∼100%. As a future perspective, we believe that the 

biosensor could be used for biomedical, biological and electronic biosensor devices. 
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Graphical Abstract 

 

Highlights: Highly stable biomolecule supported AuNPs assisted with graphene nanocomposite 

as a sensing platform for H2O2 biosensor application 
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